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(54) Novel geminal-diphosphonic acids and their manufacture 

(57) An a. co hydroxyl containing compound or lis etherfomied by reaction of sald«, cohydroxyl Sj^^P^Jr^^^P^;!^^^^ 
one or more gem dlpho^sphonic acid groups or sails thereof, characterised in that the a, « hydroxyl contaming com- 
pounds are described by the general formula: 
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whara Ri Hi. and Ba are Independantty H, Na, or K, _.. , - 

S5rh^5no;^alSldene radical containing up to 1^ 

at least one. nydroxyl sUtwUtuant 

m Is an Integer equal to 3, 4, 6, or 6 

n Is2l 

r Is 2 0 

X is either O, 
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0-p-o— 

OH 



or 



O 
II 

P-O- 
OH 



and furtiier where the n + r groups can be distributed randomly throughout the molecule. 
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Descrifstlon 

mod] TOe invention roiates ta nove. geminai-diphosphonic acids and salts thereof, .t also relates to methods of 

manufacture of such compounds and further, to uses ^ ^^''^'T^^^l'^^-^ ^.^^ aoodsequestrints of motalcatlons 

[0002] Qem-diphosphoifcBoWsandthelrsaltsarewellknownlnthe^^^^^^ 

such as calcium, magnesium, Iron, copper, manganese ejc This has led o the^^fage ma wra 9 

Z example ethyllden^VhydroxiM ■^-^P^I^P^t^^'* ^JfJ^^ as a 

and percarboxylic acid solutions Furthem,ore. 

calcium seque8trarrtlndetergentMmposmon«to^«»*^^^ 

EP 01 89662 (The Proctor & Gamble Cornparv c^os^^^^ 

in the treatment of certain bone diseases Im^oWng both "7^^ i-dipho8phonic acids generally and 

moblflsallon of calcium WO «ff,\«« ^-^^^ f,^^^ SSie^ of bSrSJea^e,, I Jl^o disclose. 

4.amlno.l'hydroxybutylldane.1.l-blaphosphQnic aad^Pficifi^^^ « processes 

a process ftor making them. The latter """P"""** 'f^f«Jf "'^^^^ "'f^ S cT) utiltee^ a mUure of phosphorous acid 
a^ disclosed as being sultablelorte production. US 5 019 6^^^^ 

and phosphorous triohlortde in the presenee of « ^'^J^.^o^^^ of short 

acid to amIno-1-hydroxybuly1ldene-1,1-btephejhonte^^ ^^^^^^ 

c"SL in t^e^SlsCosura I, a method of P-<^-'"»as^;f '^^^-^^^^^^ 3, 
Kan^^r^^horcoTalT^^^ 

r^lStTat Jin onemolecule of both ^1^?^^:'^^-^^^^^ nftrog«. free 8.m-d,*os- 

[0004] lite afi«»o»»)««*»*"'^'r»P^'*^°'*^,^^^;'C^^^^ are based on readily available starting 

SaS^oX'^~Js:?f^^^^^ 

[SS'^ia'HlJ.^dobjectoffur.heras^ 

Esa^rrrdrbisK^^^^ 



10 



IS 



20 



25 



30 



40 




(CH2)n.i-XH 



45 



Where 

at least one hydroxyl substltuent 
m is an integer equal to 3, 4. 6. or 6 

nls^l 



X is either O, 



o 

II 

O-P-O— or 
OH 



O 

n 

OH 



2 
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and further where the n + r groups can be distributed randomly throughout the molecule. 

100081 Although not wishing to be tied to a particular theory. It Is believed that due to amongst others, entropy con- 
siderations, sequestration of a metal Ion Is most efficient when the ligands come from the same molecule, and are 
especlalV efficient when the llgatlng groups are on neighbouring parts of the molecule. Cf'"P°"™^_,^»' 
s stricture where m = 6 are therefore preferred as this allows the molecule to bend easily into a configuration allowing 
ligation from both one of the gemdlphosphonlo acid groups and the nearest either phosphonic acid <«*«"y f°"P 
on ihe same moleoule. A partteularty preferred compoundHs oxocycloheptane-2.2-dlphosphonlc acid. 9«her In add 
fom,ora8ttssodlumsalt.Afurtherpartknilar1yprefeTredcompoundls1.e-dihydroxy-1.1-^^^^^ 

salts thereof, which compounds can be fomied by hydration of the ethergroup of o'"<=S^''*«Pf "^-^j^^JP^^^P^^^ 
io acld.lnayetfurtheraspacto»thelnventlonpreferredcompoundsarethosewhe«atlea8toneof^^^^ 

[0009] According to further aspects of the present Invention there Is provided a process for the production of gam 
Sphoipho^ic acids or salts ther^f comprising reacting the substrate with phosphorous acid f'^'^^'^'^^l 
phiphorushalldeat elevated temperature.characterlsedinthatthesubstMte is an^a a. hydro^l^ 
K Sher fWmed by reaction of said «. «, hydroxyl groups and that the a, « hydroxyl oomaming compounds are 
i5 (ieacribed by the general formula: 
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(CH2)mi— XH 



2S 



30 



35 



40 



4S 



50 



55 



R, IS hydrogen or an aBcylldene radical eontaJning up to 10 carbon atoms and which alkylidene radical comprises 
at least one hydroxyl substltuent 



m is an Integer equal to 3. 4, 5, or 6 
rls^i 
X is either 



o o 

O-P-O— or 

OH OH 



mcMfll Generally the substrate Is reacted at elevated temperature with a pho8phorus(lll) add or ^^^^^^^^^ 
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textile bleaching, paper pulp bleaching, and many others), detergent additives, treatment of certain ?«"^«» 
SMheSribalan^ of metal cations In L body, cleaning compositions, cosmetic and toiletries, boiler watertreatment. 

^?;r^:*roSty:?.'^°:?^t^ of the .nventton. there are provided uses for the compounds 
5 Sngt^rSS^^^Lse^SeJanland/orco^rosI^^ 

svsteriB which In turn is valuable In fields such as teocfile bleaching, paper pulp bleaching, and many others otner 
sS^^slJe in Vrrgtnt compositions, treatmerrt of certain diseases caused by the Imbalance^ n^ftal cst'ons m 
the bSToSnrng «»i?.osttlon6:cosmette and toHefrles. boiler water treatn»rrt. cooling water treatment, dasabnatton 

Si^'S^p'ioxysencompoundallkelytobestablllsedwtththecompounds^^^^^ 

nSUto per^Ximpounds. like hydrogen peroxide, and water soluble organic P«5°^9«" ~^P°""*" '"^^ 
moi^ter wetaht aBohatlc peroxyadds, for exampte containing up to 6 carbon atoms, like peracetic acid. 

by way of example only. 

Example 1 : Preparation of oxocvcloheptane-2.2-dlPho8phon te acid, sodium saK 

100161 e-caprolactone (30g. 0.26 moles) and phosphorous acid (47.2g. 0.54 moles) were chargedto a and 

Kor^^^lorlde (47mi. 0.57 moles added slowly. The mixture was then ^f^^^J^'^^^^'^J^^ 
Khic*orangebyi)rodurthadfor,ned.Dernlnerallsedwater(200ml)WBS then added slowVandthesuspensK^^^ 

tor a* r!^2 teura. The mixture was then cooled to ambient and, following flltraUon to remove the orange solid the 
l^^<Shti argenerated during the reaction dteUlled Off . Th^ 

Ziw^oZ and L half of It dl^lvod in water (100ml). The pH was adjusted to 5 wrth sodium hyd-joxlde 0 0%wA«) 
and the solution decairted Into ice cold methanol. A white precipitate fom»ed which was tlftered off. washed wrth 3 x 
100mlDortion80fooldmethanol.anddrtedundervaeuumfor18houi«toyield35gof product. 

?L.^S,ms^t n.m.r. of the precipitate showed a pealc at a ehifl of 5 = -20.2 ppm wrth ^^p^A «o H3PO4 
!SS/wrw^Serpeaksat-1.4.-^9,and-7.8ppm.Thepealcat-20.2ppmcon^ 

g^B] Ca.bon-13n.m.r.of1hapredp.tateshowedatripletat5=77.0wlthrespacttoTMScorr8spondln9toatert^^ 

jSS'CiS^iT^^^^^^ 

With further peaks at -0.7, -4.9, and -6.2 ppm. 
Example 2: Preparation of oxocvcloh&ptan &-2.2>dtohosphonio acid 
[0020] ThemethodofExample1wasappl1edexcep.tl«t,herewasnopH«^ 

white oil in water. Oxocycloheptane-Z^-Dlphosphonic acid was oMalned In eOgiMJ. with further 

acid groups. 

gxam ple 3: Gem-pHosohonlc acM , sodium salt dcHvcrthie of CAPA203« 
45 [00221 TheexperimentalmethodglvenlnExamplelwasappnedtoCAPA203®{polycaprolactone.n«nber^ 

T; o <»lnri ^ 7 nnm The oeak at -20^ ppm corresponds to the gem-diphosphonKS add group. 
K S*oni?n.Ehc!::ed^^^^^^ 
BO gem-diphoephonic acid groups. 

PYsm pIo 4: Gem-pViQsohonto add^ sodium salt de rivative of CAPA 316® 

[0025] TheexperlmentalmethodgivenlnEKamplelwasapp^^ 
55 molecular mass 1000). 38g of product was obtained. 



10 



IS 



so 



25 



30 



4 



BNSDOCIDc <EP. tie67eiAl JL> 

PAGE 20/24 * RCVD AT 3/21/2000 2:38:54 PM [Eastern Standard Time] * 8VR:USPTO-EFXRF-6/42 * DNI8:2738300 * CSID:-H 212 319 5101 • DURATION (mm-ss):0d-20 



MAR. 21. 2006 2:50PM +1-212-319-5101 customer 01933 NO. 9642 P. 21 

EP1 188 761 A1 

Example S: Gem-phosphonlc add, sodium saft darivativQ Carboxytata Capped Polycaprolactone 

[0Q28] Tha experimental method given in Example 1 was applied to a polycaprolactcne with an end-carboxyl group 
(number average molecular mass 260). 29g of product was obtained. 
5 [00271 Pho6phorU6-31 n.m.r showed two peeks at shifts of 5 = -1 9.8 and -20.6 ppm with respect to H3PO4 (85%w/ 
w), with further peaks at -3.7 and -6.1 ppm. The peaks at -1 9.8 and -20.6 ppm correspond to two distinct gem-diphos- 
phonic acid groups. 

Calcium Sequestration Results 

10 

[0028] 



Table 1: 



Calcium Sequestration Results at 20g Calcium / 1 0Og Sequestrant 


Material 


% Calcium Sequestered 


Azacycloheptane-2,2-diphosphonlc acid 


. 76.0 


Sodium tripolypliosphate 


93.1 


Example 1 


02.1 


Example 2 


91.0 


Example 3 


94.7 


Examples 


97.5 


BRIQUEST ADPA-60A (Bhylidene-1-hydroxy-1,1-diphosphonte acid sodium salt) 


77.9 



[0029] From these results It can cleariy be seen that the compounds according to the present invention are as good 
as the loading sequestrant, sodium tripoIyphbsjDhato, and slgnifteantly better than the widely used BRIQUEST. Com- 
30 parison of Example 2 with azacycloheptane-2,2-diphoaphonlc acid also shows the surprising and previously undis- 
closed Improvement obtained on basing the sequestrant on a lactone instead of a lactam. 



Clalnis 

95 

1 . An a, <D hydroxyl containing compound or its ether formed by reaction of said a, 6> hydroxyl groups comprising one 
or more gem dlphosphonlo acid groups or salts thereof, characterised in that the a, « hydroxyl containing conv 
. . pounds are described by the general fonnula: 

40 



where 

50 R,, Rg* R31 and R4, are independently H, Na, or K, 

Rg Is hydrogen or an atkylidene radical containing up to 10 carbon atoms and 
whteh aII$yIidenQ radical comprises at least one hydroxyl substituent 
m is an integer equal to 3, 4. S, or 6 
n is si 

35 r Is ^ 0 

. X is either 
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O 0 



25 



30 



O-P-O— or P-O— 
OH OH 

and further where the n + r groups can be (Sstrlbuted randomly throughout the molecule. 

2. A compound according to claim 1 , characterised In that m « 5. 

3. A compound according to claims 1 and 2, characterised In that r = 0 and n = 1 . 

4. A compound according to any preceding claim, characterised In that X-O. 
A compound according to any preceding claim, characterised In that R5 = 

e A compound according to claim 1. cfiaraderlsed m that m = 6, r = 0. n = 1. X - O, and R, - H and that the 
compound Is the ether fonmed by reaction of the a and © hydrDxyl groups. 
20 7 A Dfoceas for the production of gem diphosphonte acids or salts thereof comprising rB£«aingthe ^^^^^^^^^^ 

and that the a, <d hydroxyl containing compounds are described by the general formula. 
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15 5. 



o 

H 



R, is hydmgen or an alkylldene radical comainmg up to 10 carbon atoms and whtoh alkylldene radical c«wn- 
prises at least one hydroxy I substltuent 
35 m is an Integer equal to 3, 4. 5, or 6 

rls^l 

Xte either O. 

o o 

0-P-0~ or P-O- 



OH 



OH 



so 



8. use otthe compounds accordlnB to cJaima 1 to 6as a sequeslrant andforoonoslon Inhibitor. 
9 Use aocoiding to claim 8 In the stabaisatJon of peioxygsn systems. 

treatment, desafinatlon and oil recovery. 
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